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Appendix A

Ecological Management Decision Support (EMDYS):
The NCWAP Water shed Condition and Stream Reach
Condition M odels

|. Ecological Management Decision Support (EMDS): A NCWAP tool for
Data Analysis and Synthesis

I ntroduction

NCWAP has chosen to use the Ecological Management Decision Support system model
(EMDS) (Reynolds 1999) to help us evauate and synthesi ze information on watershed
and stream conditions for sdmonids (note that it does not address other factors such as
marine habitet and fishing). EMDS is an indicative mode that helps to synthesize and
explore awide range of data. That is, it indicates what the quality of watershed or
ingtream conditions are, based on available data and the modd dructure. Itisnot a
highly rigorous process or statistical modd intended to provide outputs with a known
level of accuracy. Thus, we use EMDS as one toal, in conjunction with other information
and andyses, to hep identify the habitat factors that that are limiting the production of
sdmonids on North Coast Watersheds (see limiting factors discussion, above). To the
extent possible, EMDS outputs should be compared to direct measures of salmonid
production—i.e., the number of sdlmonids found in streams. While this section of the
report describesin generd how the EMDS modd works, the basin profile, subbasin
analyses, and EMDS Appendix of this report present the findings from running the model
on Redwood Creek, aswell as more details about the mode! itself.

EMDS has anumber of advantages for the assessment work NCWAP is conducting.
Firgt, rather than being an obscure “black box” modd, EMDS has an explicit and
intuitively understandable modd structure. EMDS models can be easly modified to
incorporate different data sets or different assumptions about what specific levels of
gpecific factors (e.g., sStream water temperature) are needed to provide suitable ssimonid
habitat. Further, snceit isagpatiad modd, it can help usto understand how factors
interact across awatershed to affect habitat. Therefore, its map-based outputs can clearly
communicate model results. Findly, while the modd produces a useful, overal
watershed condition rating, highly specific information about the individua factors
determining that overal condition can be gleaned from looking at the particular,
supporting levels of the modd. This specificity can help to identify those factors thet are
most limiting sdmonid habitat and thus in most need of attention through restoration or
modification of land use activities.

In using the outputs of EMDS, it should be cautioned that expectations that al factors for
sdmonids in awatershed should be fully suitable for sdmon at dl times are unredidtic.
Watersheds, subwatersheds, and streams intringcaly vary in their suitability for
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sdmonids. Natura geologic, climatic, vegetation, and other factors can mean that some
areas will never be suitable for sdmon.

While EMDS has many advantages, the EMDS model we have developed and the data
we are usng to run it nonetheless have limitations. A section below documents these
limitations. Note that the verson of the EMDS modd used in this report is preliminary.
A scientist and resource professiona review team is being empandled, with help from
the University of Cdifornia, Berkeley, to help us strengthen the modd. This revised
model should be ready in timeto utilize in the find draft of this report, which we expect
to complete May 2002.

Details of the EM DS M odéel

EMDS isa“knowledge base” or “expert” system computer model. The knowledge base
modding software of EMDS requires scientigts to identify and evauate specific
environmenta factors or attributes, such as stream temperature and land use activities,
which contribute to the formation of anadromous salmonid habitat. As such, EMDS
provides a congstent and repeatable approach to evauating conditions across watersheds.
The spatid nature of EMDS makesit particularly useful for evaluating and portraying
watershed and stream conditions.

Thismodd employs alinked set of software that includes MS Excel, NetWeaver,
Ecologica Management Decison Support (EMDS) and ArcView™. Microsoft Excd is
acommonly used spreadsheet program for data storage and analysis. NetWeaver
(Saunders and Miller (no date)), developed a Pennsylvania State University, helps
scientists build graphics of networks that specify how the various environmenta factors
are incorporated into an overal stream or watershed assessment. These networks
resemble branching tree-likeflow charts, and graphicaly show the logic and assumptions
used in the synthesis.

EMDS (Reynolds 1999), was developed by Dr. Keith Reynolds at the USDA-Forest
Service, Pacific Northwest Research Station. It uses the networks created with
NetWeaver in conjunction with environmental data stored in a geographic information
system (ArcView™) to perform the assessments and facilitate rendering the results into
maps. This combination of Excel/NetWeaver/EMDSArcView software is currently
being used for watershed assessment within the federa lands included in the Northwest
Forest Plan.

NCWAP s development of its EMDS modd began with a multi-day workshop organized
by the Univergity of Cdifornia, Berkeley. In addition to NCWAP g&ff, the workshop
involved modd developer Keith Reynolds and severd scientists. As agarting point,
NCWAP used the EMDS knowledge base developed for use in coasta Oregon. Based on
the workshop, subsequent discussions among NCWAP staff and scientists, examination

of the literature, and consderation of California conditions, NCWAP developed its
prdiminary 1.1 verson of the EMDS model, which isused in thisreport. Asnoted

above, with further assstance from UC Berkeley, ateam of scientists and resource
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professonds will review this preliminary model verson and the datasetsused init.
NCWAP will then revise the modd accordingly.

The Knowledge Base Networ k

For Cdifornia s north coastal watersheds, the NCWAP team built two knowledge base
networks using the best available scientific sudies and information on how various
environmenta factors combine to affect anadromous fish on the north coast. Thefirdt,
called the Stream Reach modd (Figure 2), addresses conditions for sdlmon on individua
stream reaches and is largely based on data collected under the Department of Fish and
Game's stream survey protocols. The second, the Watershed Condition modd (Figure
3), sarves as aframework for synthesis by watershed of a number of environmenta
factorsin riparian and upland aress.

In creating both of these networks, the NCWAP scientists have used what istermed a
‘top-down’ gpproach. This approach is perhaps best explained by way of example. The
mode starts from the proposition that the overall condition of a given watershed is
suitable for maintaining healthy populations of native coho and chinook salmon, and
steelhead trout, and through the design of the knowledge base (the network) seek to
evauate the ‘truth’ of that assertion. We then constructed a knowledge base network to
gpecify the types of information needed to test the proposition. That information focuses
on the current condition of the many factors affecting salmonids, their streams, and
watershed processes.

The “ingredients,” or data, needed for the assessment are broken down into categories.
To evauate watershed conditions for sdlmonids, the mode requires data on severa
generd environmenta factors. Thefirst branches of the knowledge base network (Figure
1) show that information on upland condition, roads, passage barriers, and stream
condition factors are adl needed in the watershed assessment. The“AND” decision node
(where the factors are combined) means that each of the four generd factors must be
suitable for the fish for the “watershed is suitable for native salmonids’ proposition to be
evauated as completely “true.”

Figure1: EMDSKnowledge Base Network.

EMD S uses knowledge base networ ks to assess the condition of water shed factors
affecting native salmonids.
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Figure 2: NCWAP EMDS Reach Condition Model.
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Each of the dliptical boxesin Figure 1 shows afactor used in the assessment, and lines
indicate how they arelinked to the ‘AND’ node, where they are compared. Inasmilar
manner, each of the factors can be broken down into the more basic data components that
determineit (See Figures 2 and 3). For example, in the NCWAP Watershed Condition
model the ‘upland condition’ factor consists of a subnetwork of more detailed data on
land use, land cover (vegetation) and dope stability that determineit. Information in the
subnetwork that determines land use includes data on developed area, cultivated area,
grazed area and area of timber harvests. While the overdl watershed condition rating
output of the EMDS modd is useful to get arough understanding of the condition of the
entire basin, its subbasins, watersheds or subwatersheds, perhaps the most important part
of the modd is the more specific information about factors affecting fish that can be
gleaned by looking at the finer scaes of the dependency networks that contribute to the
modd’s conclusions.

Wherever thereis a proposition in the network, scientists use smple graphs, cdled
“reference curves,” that determineits degree of truth, according to the dataand its
implications for salmon. Figure 4 shows an example reference curve, where the
propogition is “the stream temperature is suitable for salmon”. The horizontd axis
shows temperature in degrees Fahrenhait, while the vertica islabeed ‘Truth Vaue and
rangesfrom —1 to +1. The line showswhat are fully unsuitable temperatures (- 1), fully
suitable temperatures (+1) and those that are in-between (> -1 and <+1). In thisway,
gmilar numeric relations are hypotheszed for dl propostionsin the EMDS evauation.

Maximum Weekly Average Temperature

[\

30 40 4 50 60 5870 80
water temperature (degrees F)

truth value
o =
]

Figure4: EMDSReference Curve.

EMD S uses this type of reference curve in conjunction with data specific to a streamreach.
This exampl e curve tests the proposition that the stream’ s water temperature is suitable for

salmonids. Break points can be set for specific species, life stage, or season of the year.
Curves are dependent upon the availability of data.

For dl evauated propositionsin the network, the results are a number between —1 and
+1. The number shows the degree to which the data support or refute the ‘ conditions are
suitable propogtion. Inal casesavaue of +1 means that the propostion is ‘ completely
true’, and -1 impliesthat it is* completdy fase, with in-between values indicate
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‘degress of truth’ (i.e. vaues gpproaching +1 being closer to true and those approaching —
1 converging on completely untrue). A zero value means that the proposition cannot be
evauated based upon the data available. Breskpoints (where the dope of the function
changes) in the Figure 4 example occur at 45, 50, 60 and 68 degrees F. The NCWAP
fisheries biologists determined these temperatures by a search of the scientific literature.

We use the following classfication system to verbally describe the EM DS truth-values of
watershed and stream conditions for sdlmonids:

Truth Value Habitat Component(s) Condition for Salmon
1 (completely true) fully suitable
1t00.5 moderately suitable
0.5t00 somewhat suitable
0 undetermined (no data)
0t0-0.5 somewhat unsuitable
-0.5t0-1 moderately unsuitable
-1 (completely false) fully unsuitable

In EMDS, the data that are fed in to the knowledge base network come from GIS layers
stored and displayed in ArcView. Thus many of the GIS data layers developed for the
program will be used directly in the watershed condition syntheses. The results can
eadly be portrayed on maps (Figure 5).

Reference Curvesused in NCWAP'sPreliminary EMDS M odel

TablesEMDS 1 and 2 document the reference curves used in our preliminary EMDS
watershed and stream reach models to evauate conditions for sdmonids. 1n some cases,
the reference curves were established on ardative bass (e.g., percentiles of a datarange)
dueto the lack of a scientific or expert judgement basis, rather than using absolute vaues
(e.g., agtream temperature of 45° F). These reference curves, in addition to the overall
structure and content of the modd, will be carefully reviewed by the scientist and
resource professond review team.

Advantages Offered by NetWeaver/[EMDS/ArcView Software

The NetWeaver/EMDS/ArcView software offers anumber of advantages for usein the
NCWAP. At this time no other widely available package alows a knowledge base
network to be linked directly with a geographic information system such as ArcView.
Thislink isvita to the production of maps and other graphics reporting the watershed
assessments.

The graphs and Net\Weaver-basad flow diagrams require explicit definition of the
conditions sdlmonids need for the completion of therr lifecycle. Thisformalized and
quantified mode is now repegatable systematically throughout the assessments of all
watersheds. Equdly important, the explicit nature of the networks asssts open
communication to the generd public through smple graphics and easily understood flow
diagrams.
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Figure5: EMDSGraphical Output.

Thisexampleillustrates the graphical outputs of an EMDSrun. Using incomplete and

preliminary data, this demonstration graphic portrays the overall watershed condition ratings
for the planning water sheds in Redwood Creek.

Another fegture of the system is the ease of running dternative scenarios. Scientists and
others can test the sengitivity of the assessments to different assumptions about the
environmenta factors and how they interact, through changing the knowledge- based
network and breakpoints. “What-if” scenarios can be run by changing the shapes of
reference curves (e.g., Figure 4), or by changing the way the data are combined and
synthesized in the network.

NetWeaver/EMDSArcView tools can be applied to any scale of analysis, from reach
gpecific to entire watersheds. The spatid scale can be sat according to the spatial domain
of the data sdlected for use and issug(s) of concern. Alternatively, through additional
network development, smaler scale andlyses (i.e., subwatersheds) can be aggregated into
alarge hydrologc unit. With sufficient sampling and data, analyses can even be done
upon single or multiple stream reaches.

EMDS and NetWeaver are public domain software (Net\Weaver on atria bass),
available to anyone a no cost over the Internet. Although NCWAP will employ EMDS
and NetWeaver for watershed synthesis, thisis not meant to preclude the use of other
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Table1: Reference Curve Metricsfor EMDS Water shed Condition Model.

Water shed Condition Factor

Reference Curve Metric

Roads
Road Use Undefined; no data available
Road Crossings No. of road crossings/km of streams <25™ percentile fully suitable;

>75th percentile fully unsuitable

Road Density by Hillslope
Position

<25™ percentile fully suitable; >75th percentile fully unsuitable; weightings, as
detailed below, were used to apply a higher weight to roads lower on the slope.

road length on lower slopes

Density of roads of all types on lower 40% of slopes; weighted 0.6

road length on lower slopes

Density of roads of all types on mid-slope (41-80 % of slope distance); weighted 0.3

road length on upper slopes

Density of roads of all types on upper 20% of slopes; weighted 0.1

Road Density on Unstable
Slopes

Length of roads on unstable slopes; <25™ percentile fully suitable;
>75th percentile fully unsuitable

Road Proximity to Streams

Length of all roads within 200’ of stream , length of all streams

Stream Condition

Reach Condition

Input from EMDS Reach Condition Model

Stream Flow

This portion of model currently not used do to lack of data; see appendix for more
details

Riparian Conditions

canopy Percent area of riparian vegetation within 200" feet of stream and compared to canopy
closure on reference streams.

large woody debris Percentage of stream bordered by mature forest stands with quadratic mean diameter

potential of >=24 inches as compared to reference streams.

Fish Passage Barriers

Percentage of historically accessible streams currently accessible to anadromous fish;
<50% fully unsuitable; 100% fully suitable

Upland Condition

Upland Cover
canopy Percent area of forest communities with canopy structure within pre-European range
of variation; <30% fully unsuitable; >75 % fully suitable
early seral Percent areain early seral conditions due to stand-replacing natural or human
disturbance within past 10 years; <10% fully suitable; >30% fully unsuitable
Land Use

land useon stable slopes

Slope stability defined with SHALSTAB shallow slope stability model; DMG
landdlide hazard maps will be used when completed

- intensive land use on stable slopes

--developed areas

Percentage of the watershed areain high density buildings and pavement

--farmed areas

Percentage of watershed area in intensive crop cultivation

- timber harvest on stable slopes

Percentage of watershed area tractor logged weighted by time period; see EMDS
appendix for details

- ranch area on stable slopes

Percentage of watershed area used for grazing livestock; estimated based on vegetation
type and parcel type

land use on unstable slopes

Slope stability defined with SHALSTAB shallow slope stability model; DMG
landdlide hazard maps will be used when completed

intensive land use on unstable

slopes
--developed area Percentage of the watershed areain high density buildings and pavement
--farmed area Percentage of watershed area in intensive crop cultivation

timber harvest on unstable slopes

Percentage of watershed area tractor logged weighted by time period; see appendix for
details

- ranch area on unstable slopes

Percentage of watershed area used for grazing livestock; estimated based on vegetation
type and parcel type

Slope Stability

Slope stability defined with SHALSTAB shallow slope stability model; DMG
landslide hazard maps will be used when completed; <25th percentile fully suitable;
>75" percentile fully unsuitable.
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Table 2: Reference Curve Metricsfor EMDS Stream Reach Condition Model.

Stream Reach Condition Factor

Definition and Reference Curve Metrics

Water Temperature

Summer MWAT

Maximum 7-day average summer water temperature
<45°F fully unsuitable, 50-60° F fully suitable, >68° F fully unsuitable.
Water temperature was not included in current EMDS evaluation.

Riparian Function

Canopy Density

Average percent of the thalweg within a stream reach influenced by tree canopy.
<50% fully unsuitable, =85% fully suitable.

Sard Stage Under development
Vegetation Type Under development
Stream Flow Under development

In-Channel Conditions

Pool Depth

Percent of stream reach with pools of a maximum depth of 2.5, 3, and 4 feet deep for
first and second, third, and fourth order streams respectively.
=20% fully unsuitable, 30 — 55% fully suitable, =90% fully unsuitable

Pool Shelter Complexity

Relative measure of quantity and composition of large woody debris, root wads,
boulders, undercut banks, bubble curtain, overhanging and instream vegetation.
=30 fully unsuitable, =100 - 300 fully suitable

Pool frequency Under development
Pool tail embeddedness is a measure of the percent of small cobbles (2.5" to 5" in
diameter) buried in fine sediments.
Substrate Embeddedness

EMDS calculates categorical embeddedness data to produce
evauation scores between —1 and 1.  The propostion isfully true
if evauation sores are 0.8 or greater and -0.8 eva uate to fully
fdse

Percent fines in substrate <0.85mm (dry
weight)

Percent of fine sized particles <0.85 mm collected from McNeil type samples.
<10% fully suitable, > 15% fully unsuitable.
There was not enough of percent fines data to use Percent finesin EMDS evaluations

Percent fines in substrate < 6.4 mm

Percent of fine sized particles <6.4 mm collected from McNeil type samples.
<15% fully suitable, >30% fully unsuitable.
There was not enough of percent fines data to use Percent fines in EMDS evaluations

The reference values for frequency and volume is derived from Bilby and Ward (1989)

Large Woody debris and is dependant on channel size. See appendix for details

Most watersheds do not have sufficient Iwd surveys for usein EM DS,

Refugiais composed of backwater pools and side channel habitats and deep pools (>4
Refugia Habitat feet deep).

Not implemented at thistime.

Pool to Riffle Ratio

Under development

Width to Depth Ratio

Under development

knowledge base expert systems, approaches, or models for further exploration of fish

environment relationships.

Management Applications of Water shed Synthesis Results

While EMDS-based syntheses are important tools for watershed assessment, they do not
by themsdves yield a course of action for restoration and land management. EMDS
results require interpretation, and how they are employed depends upon other important
issues, such as socia and economic concerns. In addition to the accuracy of the expert

10
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opinion and knowledge base system congtructed, the currency and completeness of the
data available for a stream or watershed will strongly influence the degree of confidence
intheresults. Where possble, externd validation of the EMDS modd using fish
population data and other information should be done.

EMDS syntheses can be used at the basin scale, to show current watershed status. Maps
depicting those factors that may be the largest impediments, as well as those areas where
conditions are very good, can help guide protection and restoration Strategies. The
EMDS mode aso can help to assess the cogt- effectiveness of different restoration
drategies. By running sengtivity andyses on the effects of changing different habitat
conditions, it can help decision makers determine how much effort is needed to
sgnificantly improve a given factor in awatershed and whether the investment is cot-
effective.

At the project planning leve, the mode results can help landowners, watershed groups
and others select the appropriate types of restoration projects and places (i.e., planning
watersheds or larger) that can best contribute to recovery. Agencies will dso usethe
information when reviewing projects on awatershed bass.

The main strength of usng NetWeaver/EMDS/ArcView knowledge base softwarein
performing limiting factors andlysisisits flexibility, and that through explicit logic,

easly communicated graphics, and repeatable results, it can provide insghts asto the
relative importance of the condraints limiting sdmonidsin North Coast watersheds.
NCWAP will use these andlyses not only to assess conditions for fish in the watersheds
and to help prioritize retoration efforts, but aso to facilitate an improved understanding
of the complex relationships among environmenta factors, human activities, and overdl
habitat qudity for native sdmon and trout.

Limitations of the EM DS M odel and Data I nputs

We want to dressthat EMDS isan indicative modd. That is, it indicates what the quaity
of watershed or instream conditions are, based on available data and the model structure.
It is not intended to provide highly definitive answers, such as a datiticaly-based
process modd might. It does provide areasonable first approximation of conditions
through arobust information synthesis approach; however its outputs need to be
consdered and interpreted in the light of other information sources and the inherent
limitations of the modd and its datainputs. It aso should be clearly noted that EMDS
does not assess the marine phase of the sdmonid lifecycle, nor does it consder fishing
pressures.

The verson of the EMDS modd used in this report is preliminary (verson 1.1) and
evolving. It was developed based on the EMDS model developed for use in coastal
Oregon, with modifications made on the basis of additiond scientific information,
standards established in the DFG restoration manua, discussion among NCWAP staff,
and an EMDS workshop which included participants from the NCWAP team, other state
and federal agency daff, and scientists. The University of Cdifornia conducted this
workshop. As noted above, NCWAP and UC are currently developing a follow-up team

11
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of scientists and practitioners to review help improve the current version of the modd. It
isanticipated that this process will be completed in time to alow the mode
improvements to be incorporated into the fina draft of this report, which we expect to
release in May 2002.

NCWAP daff hasidentified anumber of moded or data eements needing attention and
improvement in the next verson. These include:

integration of stream temperature information into the modd;

development of fish passage barrier information for incluson in the

modd;

development of stream flow information for incluson in the mode!;
examination of the “operators’ that combine the various branches of the
mode (e.g., “and” operators that pass forward the lowest vaue at a node
versus“+” operators that pass the average value)

use of resdua versus maximum pool depth in the stream reach portion of
the modd;

modification of canopy dengity standards for wide streams,

incorporation of updated and improved vegetation data that will be
available in February 2002,

completion of qudity control evaluation of severd datalayers,

adjusting the modd to better reflect differences between stream mainstems
and tributaries,

subgtituting DMG dope gability information (when completed) for dope
Sability estimates determined with the SHALSTAB shdlow dope
dability modd.

The NCWAP team will address these limitations, to the extent possible, before the find
draft of the Redwood Creek assessment report is completed in May 2002.
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[1. NCWAP s EMDS Stream Reach Condition Model

I ntroduction

The stream reach knowledge base uses al available datafor a stream reach to test the
proposition: Conditionsin the stream reach are suitable to sustain hedlthy populations of
anadromous salmonids.

The stream reach knowledge base is composed of four logic networks relating to
environmenta factors that affect anadromous salmonid habitat conditions: 1) Water
Temperature; 2) Riparian Vegetation Function; 3) Stream Fow; and 4) In Channd
Conditions (Figure 3). The overdl Stream Reach Condition is determined by combining
the four evauations through the “AND” logic node. Thisevauatesto ‘true (+1) when all
the network evauations are ‘true’, ‘fase’ (-1) if any of the four network evauationsis
‘fdsg’, or anumerical vaue between +1 and —1, showing the degree to which the above
proposition is ‘true’.

A summary of the Stream Reach Condition knowledge base used in the EMDS modd is
presented below. For each parameter in the modd, its proposition, definition and
explanation are presented.

Water Temperature

Proposition:
Summer water temperature is suitable sustain heathy populations of anadromous
sdmonids.

Definition:
Water temperature at the reach level is evaluated by one of three metrics:

1) Yearly 24 hour maximum temperature
2) Maximum 7-day average temperature
3) Maximum 7-day maximum temperature

Explanation:

The maximum 7-day average temperature measured from continuous temperature
recorders are compared to reference vaues derived from experimentaly and empirically
determined MWAT s for anadromous salmonids. A review of the literature shows
numerous studies stressing the importance of stream temperature for fish (seeligt of
references below). Reference vaues for this parameter we sdected from a synthesis of
relevant studies.

Data Sources:

Temperature monitoring devices (such as hobo temps) which provide a sample of
Stream temperatures.
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Reference Vaues

The proposition for water temperature is fully trueif the maximum 7-day average
summer temperature from field observations is between 50 and 60 degrees fahrenheit (F)
and fully faseif the maximum 7-day average summer temperature is below 45 degrees F
or above 68 degrees F. The reference vaue curve for the maximum 7-day average
temperature is shown below (figure 4).

Maximum Weekly Average Temperature

50 60

truth value
o

30 40 ® 50 60 6870 80

water temperature (degrees F)

Figure 4. Breakpointsfor MWAT truth values

Riparian Vegetation Function

Proposition:
Current riparian vegetation provides sufficient shade, nutrients, large woody
debris recruitment, and contributes to bank stability to maintain hedlthy populations of

anadromous samonids.

Definition:

The riparian vegetation assessment congsts of an evauation of canopy density
which shades the stream channd and an evauation of the near-stream forest’ s ability to
provide LWD and nutrients to the stream channdl. (Serd stage and species composition
isdtill under congtruction).

The Riparian Vegetation Function network is composed of an evaduation of:

1) Canopy Dendty
and the mean vaue of the evadudtion of:
2) Canopy Species Composition
3) Live Mature Trees
4) Imminent Source of Large Woody Detris.
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Canopy Density

Proposition:
Canopy dengty is provides adequate shade to help maintain suitable water
temperature and nutrient input to maintain hedthy anadromous salmonid populations.

Ddfinition:
Canopy dengty isthe percent of stream influenced by tree canopy measured with
aspherica densometer fromthe center of a stream habitat unit.

Explanation:

Shade from streamside canopy helps to reduce stream water temperatures,
especialy during summer months. This parameter measures the adequacy of the
vegetation in performing this important role.

The Cdifornia Department of Fish and Game's Samonid Stream Habitat
Restoration Manual recommends, in generd, that revegetation projects should be
considered when canopy dengity is less than 80% (Floss et d. 1998). Naiman et d.
(1992) report that in westside forests the amount of solar radiation reaching the stream
channd is gpproximately 1 - 3% of the tota incoming radiation for small sresmsand 10
-25% for mid-order (3" to 4rth order) streams.

Data Sources:
Fied measurements in the stream reaches.

Reference Vaues
The propogtion for Canopy Dengty isfully trueif field observations are 85
percent or above and fully false if field observations are below 50 percent (seefigure 5).

Canopy Density

85

/

0O 10 20 30 40 50 60 70 80 90 100

per cent

truth value
o

-1

Figure5. Breakpointsfor Canopy Density
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Canopy Species Composition

Proposition:

The canopy species composition is within the range of historic species
digtribution and is suitable to maintain hedthy anadromous salmonid populations. (Not
yet implemented in the modd, due to lack of adequate data).

Definition:
The smilarity of gpecies and lifeforms between the current vegetation and that
which exited prior to EuroAmerican colonization.

Explanation

The species compostion of the riparian vegetation can indicate recent historical
events that have occurred in and near the stream reach. Some areas currently dominated
by broad-leafed trees were dominated in the past by conifers. This can indicate that
disturbances have occurred in the watershed which resulted in this change in species
composition. Also, conifers tend to provide more cooling in their shade than broad- |esf
trees.

Data Sources:
Measurements from field observations.

Reference Vaues

The propostion isfully trueif the observed canopy species composition has a
high degree of amilarity to the pre- EurcAmerican range of species compostion and fully
fdseif it hasalow amilarity.

Live Mature Trees (not yet implemented)

Proposition:

The number of live trees three feet or greater in diameter at breast height within a
riparian buffer zoneis sufficient to maintain conditions needed to support hedthy
anadromous salmonid populations.  (The reference vaue curves and other aspects have
not yet been developed for Live Mature Trees)

Imminent Source of Large Woody Debris (LWD) (not yet implemented)

Proposition:

The number of LWD sources poised for imminent ddlivery to the stream channdl
is suitable to maintain channel conditions suitable to support anadromous salmonid
populations. (The reference vaue curves and other aspects have not yet been devel oped

for this parameter.)
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Stream Flow (not yet implemented)

Proposition:

The stream flow regime is suitable to sustain hedthy populations of anadromous
sdmonids. (This subnetwork of the Stream Reach modd is under congtruction by the
Department of Water Resources. It isnot yet ready for inclusion in the Stream Reach
Condition Model.)

I n-channel Conditions

Proposition:
In-channd conditions are suitable to support hedthy anadromous salmonid
populations

Definition:

In-channel conditions are determined by the mean truth value returned by the
evauation of 5 networks:

1) Large Woody Debris

2) Width to Depth Ratio

3) Pool Habitat

4) RefugiaHabitat

5) Subgtrate Compodition.

Large Woody Debris

Proposition:
The amount of in channd Large Woody Debrisis suitable for maintaining
channel conditions to support healthy populations of anadromous salmonids.

Ddfinition:

The target reference vaues for LWD frequency and volume is derived from Bilby
and Ward' s (1989) channel-width dependent regression for unmanaged streamsin
western Washington. The relationships between channd width and number of pieces
(Bilby and Ward 1989) and “key” pieces of LWD (Fox 1994) is presented in the Pacific
Lumber company Habitat Conservation Plan, Aquatic Properly Functioning Condition
Matrix (work in progress 1997). NMFS aso has provisiond datafor wood in
Washington Coast Range Streams.  They concluded that where adequate sources for
recruitment of wood is present from the riparian zone, properly functioning streams
exceed 80 pieces per mile of wood larger than 24 inches in diameter and 50 feet in length.

Explanatior
Large woody debrisisimportant to stream ecosystems because it exerts

consderable control over channel morphology, particularly in the development of pools
(Keller et d.). Petersen and Quin (1992), cited Elliot, 1986; Murphy et al. 1986; Carson
et a. 1990; Beechie and Wyman, 1992, when noting that “in forested streams, LWD is
associated with the mgjority of pools and the amount of LWD has a direct affect on pool
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volume, pool depth and percentage of pool areain astream.” Stillwater Sciences
Preiminary Draft Report suggests: “One of the working hypotheses concerning coho
sdmon ecology and management in Mendocino county streams is that large woody
debris (LWD), and the rearing habitat that it provides, may currently be the most
important factor limiting coho populations.” The North Coast Water Qudity Control
Board in cooperation with the Caifornia Department of Forestry (1993) state
that,“woody debris benefits dl life stages of sdmonids (Bisson et d. 1987, Sullivan et d
1987) by creating pools which are used as holding areas during migration. Large woody
debris dso serves to retain spawning gravels, creates dack water areas which provide
opportunities for juveniles to feed on drift, and by providing essentia cover from
predators and freshets (Murphy and Meehan 1991). Woody debrisin stream aso
increases the frequency and diversity of pool types (Bilby and Ward, 1991).”

The mgority of juvenile coho in coasta streams appear to overwinter in deep
pools within the stream channd that have subgtantial amounts of cover in the form of
woody debris (Bustard and Narver 1975a, Scarlett and Cederholm, 1984, Murphy et a
1986, Brown and Hartman, 1988).

Swimming ability decreases with temperature and as water temperature fals
below 9 C, juvenile coho become less active (Mason, 1966). Feeding is reduced and
growth is negligible during the winter period of higher flow and lower temperatures
(Shapovaov and Taft, 1954).”

“Deep (>45 cm), dow (<15cm/s areas in or near (<1m) instream cover or roots,
logs, and flooded brush appear to condtitute preferred habitat (Hartman, 1965, Bustard
and Narver, 1975a), especidly during freshets (Tschaplinski and Hartman, 1983; Swaes
et a 1986, McMahon and Hartman, 1989). Underwater observations by Shirvell (1990)
found that 99% of dl coho salmon fry observed were occupying positions downstream of
natura or artificid rootwads, during atificialy created drought, norma, and flood stream
flows.”

Data Sources:
Measurements from field observations.

Reference Vaues
(need help on this Steve)

Width-to-Depth Ratio (not yet implemented)

Proposition:

The Width-to- Depth Ratio of the stream reach is suitable for sustaining hedlthy
populations of anadromous salmonids. (The reference vause curves have not yet been
developed for this parameter.)
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Pool Habitat

Proposition:
The pooal frequency, pool depth, and pool complexity observed in the stream reach
is suitable to support hedthy populations of anadromous salmonids.

Ddfinition:
The Pool Habitat sub-network evauation is composed from evauations of:
1) Pool Frequency
2) Pool Qudity:
a) Pool Depth
b) Pool Complexity

Pool Frequency

Proposition:

The number of pools observed during stream surveysis within the suitable
frequency range for the channd type, gradient, bankfull width, and channd
confinement of the stream reach.

Definition:
The number of pools observed per unit length of stream reach.

Explanatiorn

Reference Vaues

The proposition isfully true if the observed pool frequency has a high degree
of amilarity to the expected frequency range and fully fseif it hasalow
gmilarity. (need better definition)
Pool Quality

Proposition:

The percent by stream reach of adequately Deep Pools and the average Pool
Shelter Complexity is suitable to support hedthy populations anadromous
sdmonid popul&tions.

Definition:

The percent reach of primary poolsis caculated by: length of primary pool
habitat / stream reach length.

Explanation
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The percent by stream reach of adequately deep pools or primary poolsis
determined according to stream order. Primary pools have a maximum depth of
2.5 feet or greater in first and second order streams and have a maximum depth of
3 feet or greater for third order streams. For this analys's, stream order is
determined only from streams displayed as solid blue lines on 1:24,000 USGS
topo maps.

A DFG fidd procedure rates pool habitat shelter complexity (Fos et d.
1998). The pool shelter rating is ardative measure of the quantity and
composition of LWD, root wads, boulders, undercut banks, bubble curtain, and
submersed or overhanging vegetation that serves as instream habitat, creates areas
of diverse velocity, provides protection from predation, and separation of
territoria unitsto reduce dengty related competition. The rating does not
consder factors related to changesin discharge, such aswater depth. The
proposition for the Pool Shelter Complexity evauation isfully trueif the pool
shdlter rating is 100 or greater and fully fase if the pool shelter rating is 30 or less

(figurey).

Data Sources:
Notes from fidd observations.

Reference Vaues.

The proposition for the Pool Depth evaluation is fully true if 30 to 55 percent
of thereach isin primary pools and fully faseif thereisless than 20 percent or
more than 90 percent primary pool habitat (figure 6).

Reach in Primary Pools

30 55

[\

0O 10 20 30 40 5 60 70 80 90 100
per cent

truth value
o

Figure 6. Breakpointsfor Percent Reach in Primary Pools
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Pool Shelter Complexity
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Figure7. Breakpointsfor Pool Shelter Complexity

Refugia Habitat

Proposition:
The amount of backwater pools, deep pools and side channd habitats is suitable
(especidly as winter refuge) to support hedthy anadromous sdmonid populations.

Definition:
Refugiafor this evauation is composed of backwater pools, Sde channe habitat,
and deep pools (>4 feet deep) identified from DFG' s stream habitat surveys.

Explandtion
For this evauation, we believe that the amount of refugia should be

approximately 5 percent of the stream reach measured by the length of backwater pools
and sde channd habitat. The reference vaues for the suitable amount of deep pool
habitat is under development.

Data Sources:
Observations from the fidd.

Reference Vaues

The propogition for the Refugia Habitat evaluation isfully trueif thereis5
percent of the stream reach in Side channel or backwater pools and fully faseif thereis
no such habitat in the stream reach (figure 8).
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Backwater Pools and Side Channel Habitat
l- ]
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Figure 8. Breakpoints for Percentagein
Backwater Pools and Side Channel Habitat

Substrate Composition

Proposition:
The poal tail and riffle subgtrate is suitable for surviva of sdlmonid eggsto
emergence of fry.

Definition:

The modd will utilize data describing percent fine sediments collected from
McNeil type samples, pool tail embeddedness from DFG habitat surveys, and pebble
counts to evaluate substrate composition.

Percent Fine Sediment

Explanation
Substrate composition is used as a suitability measure of pool tall sediments for

surviva of eggsto the emergence of fry. Sedimentation resulting from land use activities
is recognized as afundamenta cause of sdmonid habitat degradation (FEMAT, 1993).
Excessve accumulations of fine sediments  reduces water flow (permesbility ) through
gravelsin redds. The percent of fine sedimentsis higher in watersheds where the
geology, soils, precipitation or topography creete conditions favorable for erosiona
processes (Duncan and Ward, 1985). Fine sediments are typicaly more abundant where
land use activities such as road building or land clearing expose soil to eroson and
increase mass wasting (Cederholmn et a 1981; Swanson et a 1987; Hicks et a 1991).

McHenry et d. (1994) Found that when fine sediments (<0.85mm) exceeded 13%
(dry weight)salmonid surviva dropped drastically. Bjornn and Reiser (1991) show that
the salmonid embryo surviva drops considerably when the percentage of subdtrate
particles smdler than 6.35 mm exceeds 30 percent.

Data Sources:
Fed measurements.
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Reference Vaues
Reference values curves for Percent Fine Sediment are presented figures 9 and 10

(below).

Fines <0.85mm (Dry Weight)
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truth value
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Figure 9. Breakpointsfor Percent Dry Weight of
Fine Sediments <0.85mm

Particles <6.35mm
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Figure 10. Breakpointsfor Percent of Sediments <6.35mm
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[11. NCWAP’'s EMDS Watershed Condition Model

I ntroduction

NCWAP scientists, agency personne and others constructed a Watershed Condition
knowledge base network reflecting the interrelationships of environmenta factors which
affect populations of sdmonid on Cdifornia s north coast. The modd integrates those
factors which operate over awhole smdl watershed. In this section we summarize the
NCWAP EMDS knowledge base components and how they are combined into the
synthesis of watershed condition.

Watershed Condition is evauated from four equally-weighted branches. 1) Roads; 2)
Stream Condition; 3) Passage Barriers, and 4) Upland Condition (figure 11). Thefind
‘AND’ decison node of Watershed Condition is evauated to be effectively the wor st
condition as determined by the four branches.

In the Watershed Condition modd, dl but two parameters use empirica distributions for
the break pointsin the evduations. The literatureisrich in many aspects regarding the
effects of roads, riparian condition, stream flows and land use on water qudity and
sdmonid habitat (see references). However, very few studies provide direct guidance on
where to set breakpoints for the parameters required in the Watershed EMDS model. In
light of thisfact, NCWAP scientists decided that while an absolute objective evauation
may not be possble (or at least scientifically defensible) for al watersheds, evaluation of
relative conditions within awatershed would be much more robust. For each hydrologic
area (e.g. the Mattole River) breakpoints are determined based upon the normalized
distance from the mean (i.e. percentiles) from the statistics of the distribution of given
parameter. Within this framework it is still possible to look beyond a hydrologic areato
larger regions by aggregeting the satistics. Extrapolating in this manner may be more
tenuous than looking more locdly, due to the likelihood of changesin data qudity and
availability from one area to ancther.

Bdow isasummary of the workings of the NCWAP Watershed Condition modd.

Roads

Proposition:

Roadsin the watershed do not significantly impair water qudity in the watershed
through increased fine sediment and dteration of the hydrologic regime, and are
compatible with hedlthy populations of native sdmonids.

Definition:

The overdl roads condition represents the mean truth value returned from five sub
networks: 1) road use, 2) road and stream crossings, 3) road density, 4) road density on
unstable dopes, 5) road proximity to streams. Figure 3 shows the diagram on the roads
part of the watershed condition model.
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Explanation:

Road Condition represents the potentia impact of roads on a watershed' s water
quality, and, by extenson, on native fish. Five metrics, listed above, are used to
represent the intensity of road use and the degree to which roads are hydrologicaly
connected to streams. The metrics are derived using digita road and stream data. These
metrics are influenced by the level of detail provided in the roads database. The
minimum coverage for abasin corresponds with roads found on 1:24,000 scde USGS
topographic maps. In most cases, these databases are augmented with roads interpreted
from air photos and those recorded in timber harvest plans. Planning watersheds that
have truth values that are at or near positive one, strongly support the proposition that
roads do not represent an impairment.
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Road length on
lower slopes  Lowsiooe
Density of roads of all types

within the watershed on lowest
40% of slopes

Road Use roadlise

Imtensity of road use & suitable
(breakpaints as yel undefined)

Road length on
middle slopes MWd=cre
Density of roads of all types

within the watershed on middle
{41% 1o 80%) of slopes

Road Crossings mitrass
Mumber of crossings per kilomeater of
stream by reads s suitable
(=25th percentile fully suitable
=7 ath percentile fully unsuiable)

Road Density bY  arikiopeca
Hillsfope Pasition
Road density (considering hillslope
position) is suitabbe
{=25th percantile fully suitable;
=T5th percentibe fully unsuitable)

Road length on
upper slopes  Ussipe

Density of roads of all ypes
within the watershed on upper-
most 20% of slopes

Roads

Roads in the watershed do not
significantly impair its functoning

for populations of native anadromous
salmonids,

Road Densily Unstable Slopes Road length

rLenilinat hRd
Length of roads an unstable slopes in close to stream  reach
the upland is suitable Total e
2 ' gth of roads of all types
(=25th percentile fully suitable; in the watarshed within 200 of &
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Figure 12. The EMDS knowledge base section that takes data related to roads, and combines them into their net effects on a watershed.
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Road Use

Proposition:
Intensity of road useis suitable for sustaining healthy populations of native
sdmonids. (This parameter is not currently implemented for lack of adequate deata)

Definition:

Road Useis evauated for planning watersheds using four catagories. low,
medium, high and very high. Determination of these classesiis currently based on
professond judgement.

Explanation:

This metric is designed to represent the impacts associated with the volume of
road use in awatershed. The network is evaluated as a categorical variable (i.e. low,
medium and high).

Data Source:
Information for this network typicaly relies on exigting studies or previous
watershed plans (i.e. TMDL reports).

Reference Vaues
Break points planned for future (with data available): Low usage isfully suitable (+1)
while very highisfully unsuiteble (-1).

Road Crossings of Streams

Proposition:

The number of crossings (per kilometer) of stream by roads in the watershed does
not sgnificantly impair its suitability for sustaining hedthy populations of anadromous
sdmonids.

Definition:
Evauated as the number of stream crossings by roads per kilometer of stream.

Explanation
Road networks interact with stream networks and have the potential to negeatively

impact stream condition. Impacts associated with this include: increased sedimernt,
dteration of runoff processes, remova of canopy cover and blocking fish passage. This
metric evauates potentid impacts. Road improvements and information on culverts can
be incorporated into the mode through a" Switch" node, which would reduce from the
st of potential impacts those crossings that have been repaired and are no longer
considered to have an impact.
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Data Sources:
Road crossings per kilometer of stream in agiven hydrologic area (HA) are
derived in GIS from existing roads and streams coverages.

Reference Vaues

Break points defining the road crossings of streams are based on distributions of
empirica data. Vauesin agiven hydrologic unit are normaized, and breskpoints are
empiricaly defined as <25 percentile fully suitable; >75™" percentile fully unsuitable.

Road Density by Hilldlope Position

Proposition:
Road dengty in the watershed is compatible with maintaining heglthy populations
of native sdmonids. The criteriafor acceptable varies with hilldope position.

Ddfinition:
Road dengty by hilldope position for each planning watershed. Measurement
units are mi/mi?.

Explanation:

Each planning watershed is divided into three hilldope postions: low dope
(valley bottom), mid dope and upper dope (ridge top). Previous studies have shown that
road impacts differ, dl other factors being equd, depending on the location of the road in
the watershed. A recent USFS study on Bluff Creek watershed, Six Rivers Nationd
Foredt, found that roads near streams, in lower hilldope positions, had amuch higher
falure rate, and thus a greater potential to generate sediment to streams. Based on the
Bluff Creek study, dope position was defined as the following: low dope occupies the
lowest 40% of the watershed, mid-dope occupies the middle 40% and ridge-top is
defined as the upper 20% of the watershed.

Data Source:

Sope Position is derived from a 10 meter digital eevation modd (DEM). Road
Data comes from avariety of sources including: USGS 1:24,000 scade map digitd line
graph (DLG) data, 1 meter Digital Ortho Quads and digitized timber harvest plans.

Reference Vaues.

Break points defining road dendity curves are based on empirica datafrom each
watershed. Vauesin agiven hydrologic unit are normalized, and breskpoints are
empiricaly defined as <25™" percerttile fully suitable; >75™" percentile fully unsuitable
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Road Density on Unstable Sopes

Proposition:
The dengity of roads on unstable dopes in the upland portion of the watershed is
compatible with sustaining hedlthy populations of native salmonids.

Ddfinition:
Cdculates kilometers of road on unstable upland per hectare of management unit.

Explanation:

Roads crossing steep and potentially unstable dopes can contribute to and
accel erate the frequency of mass wasting on upland dopes. Where data exists, detailed
landdides maps (developed by Divison of Mines and Geology) are overlain with roads
within a GIS to evauate the risk roads on steep and unstable dopes. Shalstab isused asa
proxy in basins where detailed landdides maps are unavailable.

Data Source (al GIS based):
Roads data; Landdide maps, Shastab (potentidly unstable is defined as Q/T <=

log -2.8)

Reference Vaues.

Break points defining the road density on unstable dopes are based on
digtributions of empirical data. Road dengity values in agiven hydrologic unit are
normalized, and breskpoints are empirically defined as: <25 percentile fully suitable:
>75" percentile fully unsuitable.

Road Proximity to Sreams

Proposition:
The proximity of roads to stream channelsthat is suitable for maintaining hedthy
populations of native sdmonids.

Definition:

Cdculates the percent of stream length that has aroad within 200 ft.. For each
planning watershed it is evaluated as the sum of al reach lengths that have aroad within
abuffer distance of 200 ft.

Explanation:

This metric isameasure of hydrologic connectivity. Roads that are adjacent to
greams are much more likely to interact with the stream channd and have a greater
potentid to negatively impact stream condition. The main impacts associated with this
are increased sediment delivery to the streams, but studies have attributed impacts to
stream temperature and dteration of runoff processesaswell. Effectswould aso extend
into the adjacent riparian zone. This metric evauates potential impacts. Road
improvements and road abandonement can be incorporated into the mode through a
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"Switch" node, which would reduce from the set of potentid impacts those road segments
that have been repaired or decommissioned and are no longer considered to have an

impact.

Data Source (all GIS-based):
Roads data; Stream data

Reference Vaues.

Break points defining the road proximity to streams eval uations are based on
digributions of empiricd data. Vaduesin agiven hydrologic unit are normdized, and
breskpoints are empirically defined as. <25 percentile fully suitable; >75™ percentile
fully unsuitable.

Stream Condition

Proposition:
Riparian and in-stream conditions in the watershed are suitable for sustaining
hedlthy populations of anadromous samonids.

Ddfinition:

Stream Condition is effectively the wor st condition evaluated from three branches
or dependency networks: 1) Reach Condition (from the Stream Reach Condition EMDS
modd); 2) Stream Flow; and 3) Riparian Condition. (Water Temperature will be added
in the next version of the modd). Figure 13 shows the diagram on the stream condition
part of the watershed condition modd.

Explanation:

The stream condition network evaluates stream conditions across entire planning
watersheds. The results of the stream reach mode are integrated at this stage of the
mode. Overdl reach condition represents the average of al truth values for the reaches
within an individua planning watershed.

Reach Condition

Proposition:
Average reach conditions of anadromous fish bearing streams in the watershed
are uitable to sustain healthy populations of anadromous salmonids. The Reach Modd

developed by the Department of Fish and Game providesinput here (see above).

Stream Flow (not yet implemented)

Proposition:
Stream Flow in the watershed is smilar to pre- EuroAmerican conditionsand is
suitable for sustaining hedthy populations of anadromous samonids.

Definitiort
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Stream Flow isthe mean condition of a)) Total yield; b.) Peak flow; c.) Baseflow;
and d.) Bankfull discharge. For dl of these, breskpoint vaueswill of necessty vary by
watershed. (Note: We have not activated this network in the current model runs, due to
lack of data.)
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Figure 13. The EMDS knowledge base section that takes data related to stream condition, and combines them into an overall assessment of the watershed.
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Total Yield (not yet implemented)

Proposition:
The mean annud totd stream discharge is suitable for sustaining heelthy
populations of anadromous samonids.

Peak Flow (not yet implemented)

Proposgition:
The amount, start, and frequency of the peek flow is suitable for sustaining
hedlthy populations of anadromous samonids.

Base Flow (not yet implemented)

Proposition:
The amount, start and duration of the base flow is suitable for sustaining
hedlthy populations of anadromous samonids.

Bankfull Discharge (not yet implemented)

Proposition:
The bankfull discharge is suitable for sustaining hedthy populations of
anadromous salmonids.

Riparian Condition

Propostion:
Riparian condition is suitable for sustaining hedthy populations of native
sdmonids.

Definition:
Riparian Condition is eva uated as effectively the wor se condition of 1) Riparian
Canopy and 2) Large Woody Debris Potential.
Riparian Canopy
Proposition:
Theriparian canopy in the watershed is suitable for sustaining hedthy
populations of anadromous salmonids.

Definitiort planning watershed, bordered by mature forest stands that have
an average dbh exceeding 24"
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Explanation:

Riparian forests provide shade for streams and contribute wood to streams
that in turn provide habitat for fish. On the North Coast both canopy and large
woody debris can be limiting factors for sddmon. Canopy cover is derived from
sattdlite images and ar photos. The datais much coarser that field observations,
provided &t the reach level, but provide estimates across the entire watershed.

Data Source (al GIS-based):
Stream data; USFS/CDF vegetation data

Reference Vaues.

Break points defining the riparian canopy curve are based on distributions
of empirica data derived from reference watersheds. Reference watersheds are
assumed to have little or no land disturbance. Bregkpoints are then empirically
defined as: <25™" percentileis fully unsuitable; >75™ isfully suitable

Large Woody Debris Potential

Proposgition:
The percentage of stream bordered by mature forest standsis suitable for
sugtaining heelthy populations of anadromous samonids.

Definition
Mature forest stands are defined as >= 24" dbh.
Explanation

Tree size represents a proxy for the recruitment of large woody debris.

Data Source (al GIS-based):
Stream data; USFS/CDF vegetation data

Reference Vaues

Break points defining the riparian canopy curve are based on distributions of
empirica data derived from reference watersheds. Reference watersheds are
assumed to havelittle or no land disturbance. Breskpoints are then empiricaly
defined as: <25™" percentile is fully unsiteble; 75 isfully suitable

Passage Barriers

Proposition:
Fish have adequate access in the watershed to those stream reaches which have
sustained populations in the padt.
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Definitiort
Passage Barriersis defined as the percentage of historically accessible stream
length that is currently accessible to anadromous fish.

Reference Vaues

Breakpoint vaues are: < 50% = fully unsuitable; 100% = fully suitable. Thisis
based upon expert opinion from Cdifornia Department of Fish and Game (Seefigure 14
below). (Note: Passage Barriersis not currently implemented in the modd due to lack of
data).

Passage Stream Access streamAce
Baﬂiem Percentage of historically accessible stream
length that 15 currently accessible to anadromous fish

Fish have adequate access to stream (=50% fully unsuitable; 100% fully suitable)
reaches that have historically supported
anadremous fish populations.

Figure 14. The section of the knowledge base that determines the relationship between past and present
fish access to tributaries in the watershed.

Passage Barriers

10

truth value
o

-1 ——T—f——————7—1—
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per centage of former range still available in water shed

Figure 15. Breakpointsfor passage barriers
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Upland Condition

Proposition:
The upland conditions in the watershed are suitable to sustain healthy populations
of native sdmonids.

Definition

Upland Condition is the mean condition of three branches (dependency
networks): 1) Upland Cover; 2) Land Use; and 3) Slope Stability. Figure 6 shows the
diagram on the upland condition part of the watershed condition model. Eachis
described in turn below.

Explandtior
Upland Condition is a measure of the Sate of the watershed uplandsin relaion to

its suitability for salmonids. For agiven planning watershed, the parameter takes into
account the distribution of serd stages of the vegetation, the percentage area of recent
stand-replacing disturbances, the degree to which it is apt to be affected by land use, and
its inherent (background) dope stability.

Upland Cover

Proposition:
Both canopy structure and the total area of early seral vegetation are suitable for
sugtaining hedthy populations of native sdmonids.

Definition
Upland Cover is effectively the wor se condition of: @ Canopy and b) Sera
Openings.

Canopy

Proposition:
The didribution of vegetation canopy dructure in the uplands of the
watershed is suitable for sustaining hedthy populations of native salmonids.

Definition
Canopy is percentage area of the watershed' s vegetation that iswithin the
natural (pre-EuroAmerican colonization) range of variability.

Explandtion
The Canopy parameter reflects the watershed' s current distribution of

vegetation seral stages (early through climax) in relation to probable pre-
EuroAmerican conditions. The watershed naturd range of variability isnot a
constant, but varies patialy across the north coast region, related to the climate
and fireregimes. Vegetation in watersheds close to the coast is more likely to be
shaped by infrequent large-scale (and frequent local- scale) events, whereas areas
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more to the interior have historicaly experienced more frequent larger-scae
events (Sawyer et al. 2000).

Severd computer based models have been developed to smulate the
digtribution of vegetation seral stages under various management and disturbance
regimes. Theseinclude: Landscape Age-Class Dynamics Smulator (LADS)
(Wimberly et a. 2000); Vegetation Dynamics Development Tool (VDDT) (eg.
Quigley et d. 1997); Smulating Processes and Patterns at Landscape Scales
(SSIMPPLLE) (Chew 1995); and Forest Vegetation Smulator (FVS) (Crookston
and Stage 1999). Such models can be used to gpproximate distributions of
vegetation serd stages across landscapes of various Szes. A consderaion in this
modeling effort is that high intensity disturbances such asfire often affect aress
larger than a planning watershed (Wimberly, et d. 2000), and gpplying modes of
vegetation dynamics at this Calwater scale may be inappropriate.

NCWAP stientists have not run any vegetation smulation modes a this point
to gpproximate the Canopy parameter for EMDS. Asaproxy we are currently
using the total percentage of the watershed that contains forests with trees of DBH

> 24",
Data Source(s):

GIS coverage from Region 5 of the US Forest Service of current vegetation

Reference Vaues
The curve breakpoints are taken from the EMDS model created by Reeves,
Reynolds, et d. for the Coho salmon on the Oregon coast. (Reeves, pers. comm.)

Canopy
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percent area w/in natural range of variability
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Figure 16. Breakpointsfor Canopy
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Early Seral

Proposition:
Thetotd percentage area of early sera openingsin the uplands of the
watershed is suitable for sustaining hedlthy populations of native sadmonids.

Definition

Early Serd Openingsis percentage area of the watershed that isin early serd
conditions. These areas are where a stand-replacing disturbance has occurred,
due to natura or human causes, within the past 10 years.

Explanation
The amount of awatershed in early sera stages indicates the degree to

which it has been affected by recent timber harvesting and/or stand replacing
fires. In generd, the larger the portion of the watershed in early seral conditions,
the lesslikdly it isto be suitable for sustaining native sdmonid populations, due
to higher yidds of fine sediments to streams and additiond heet loading of runoff.

While there is some redundancy with the Canopy parameter, the early serd
openings parameter focuses on perhaps the most important seral condition, giving
it additiond ‘weight’ in the EMDS modd outpuit.

Data Sources:
The datafor this parameter are robust and relate directly to the parameter as

defined:

1) GIS coverages of Timber Harvest Plans over the past 10 years,

2) GIS coverage of fire history from CDF;

3) Imagesfrom Landsat Change detection (1994-1998) for north coastal
Cdiforniafrom CDF and USFS Region 5;

4) Recent Landsat images (2000)

Reference Vaues.

Reeves et d. (1993) examined the relationship between percentage arealin
early serd conditions and salmonid species diversity in awatershed, and found a
sgnificant difference between those watersheds with more than 25% area recently
logged and those with less than 25% arealogged. The latter watersheds usudly
exhibited greater sdmonid species diversity. The breskpointsin the curve for
Early Serd Openingsinthe EMDS mode were sdlected from the results of this
sudy. Breskpoints vauesfor early sera openings are: <10% = fully suitable; >
30% = fully unsuitable.
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Early Seral Openings
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Figure17. Breakpointsfor Early Sera

Land Use

Proposition:

The percentage area of the watershed with a)) Intensve use or management; b.)
Episodic human disturbance (e.g. timber harvesting) and ¢.) Lower impact managemern,
is suitable for sustaining healthy populations of native sdmonids.

Definition:
The Land Use is the weighed sum of two parameters:
Land Use on Sable Sopes
Land Use on Unstable Sopes
Explandtion

Stable and unstable dopes are to be defined by DOC Mines and Geology GIS
coverages being created for NCWAP. Asde from the split by dope (steep vs. shalow)
and corresponding differencesin weighting, the two Land Use parameters are defined
identically and will be treeted as one for the purposes of the discussonsbelow. Inthe
current mode, Land Use on unstable dopes was given three times the weight of that on
stable dopes, reflecting the generd expert opinion on the respective magnitudes of
disturbance in the watershed (Jameson and Spittler 1995).

All of the former are weighted according to intengty of activity, time Since evert,
and dope gability.

Reference Vaues

Land Use vduesin agiven hydrologic unit are normaized, with breskpoints
empiricaly defined as: < 10" percentileisfully suitable; > 90™ percentileis fully
unsuiteble.
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Intensive Land Use

Definition
The sum of percentages of the watershed that is* Developed Area” and
“Farmed Ared’.

Explanatior
Developed areas are those that are urbanized or with clusters of buildings.

Farmed areas are those with irrigated crops. Thisleve of land use can creste
loca hydrologic impacts such as high and short duration pesk flows, which can
cause more eroson and higher stream sediment loads. The combined effects are
generdly detrimentd to the ability of the stream to support native salmonids.

With afew notable exceptions, little of the land in north coast watersheds is
developed, and therefore developed areas are in generd unlikely to have much
influence on the modd results (Botkin et d., 1995). Thisisaso truefor
intensvely cultivated areas. Only afew north coast watersheds (e.g. the Scott
River, Lower Edl River, Middle Fork E€l) have a significant percentage of land
under cultivation.

Tablel. Model weightsfor Intensive Land Use

Land Use Weights

Developed Area 10

Farmed Area 10
Data Sources:

A GIS coverage from Region 5 of the US Forest Service of current vegetation;
County parcel coverages, (For dope: DOC Mines and Geology land stability
coverage (or SHALSTAB as an interim proxy))



EMDS Appendix

DRAFT 01/16/02 NCWAP STAFF

Episodic Human Disturbance

Definition

Episodic human disturbance is the percentage area affected by tractor-logging
activities, weighted according to time of harvest (recent vs. historic) and dope
Sability.

Explanation
Time breskdowns were proposed by Walker based upon expert opinion of

others. Weights were gpproximated using information from Jameson and Spittler,
inferred by Walker. Tractor logging has been broken into 5 eras (see table
below).

Table2. Model weights of eras of human disturbance

Period | Years Reasoning Weights and
Functions*
Recent | <=25YBP New Harvests and activities y=1.0
Erad YBP>25t0 | Digitized Timber Harvest Plans available; last 10 0.4<=y<=10
1990 or so years of management still strongly affect y=2.088x°-"37°
current processes (y=0.6)
Eral 1973-1990 Era post implementation of Forest Practice Rules 0.2<=y<=04
(FPR); also coincides with start of digital Landsat y=2.088x°-"37°
data enabling high quality change detection (y=0.3)
Era2 1945-1973 Main era of tractor logging before FPR; main era 0.3<=y<=0.6**
of aerial photograph record y =-0.0085x +
0.8047
(y=0.5)
Era3 Prior to Prior to peak of tractor logging 0.025<=y<=0
1945 y =-0.0019x +
0.2123
(y=0.01)

*x is'Y ears Before Present; in () is single value weight approximetion for era

The above breakdowns based on time (and the weighting functions) are an
effort to reflect the different magnitudes of disturbance relating to predominant
timber harvesting practices, and the time since harvesting according to those
practices occurred. They are based largely upon aditillation of the opinions of
experts such as Marc Jameson (CDF) and Tom Spittler (DOC/DMG) (Jameson
and Spittler 1995). Other breakdowns are possible, such as those which coincide
with mgor natura disturbance events including large floods and fires.

In the first verson of the modd, we will use the congtants (in parenthesesin
the above table) for each respective era of timber harvest. With more time and
resources, we will use the functions shown in the table, based upon years el apsed
snce the event(s).

Data Sources:
Digitized Timber Harvest Plans
Landsat data (M SS change detection) (used to develop GIS coverages)
Aerid Photographs (used to develop GIS coverages)
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Historic maps (as from timber companies)

Historic accounts

County parcel coverage (timber company holdings)

For dope DOC Mines and Geology land stability coverage (or SHALSTAB as
an interim proxy)

Lower Impact Management

Definition
The percentage of the watershed that is managed for extensive land use
activities, mainly livestock grazing.

Explanation

Extensive land use areas are primarily those that are used for livestock
grazing. Grazed aress can increase delivery of sediment to streams from effects
such as soil disturbance from trampling and from vegetation removal. These
generdly decrease the ability of the stream to support native sdmonids. The
effects of grazing, when not in the riparian zone (i.e. in the upland), are believed
to be generdly less impacting than those of timber harvesting and more intensive
land uses. Thisisreflected in the proposed weighting for this parameter.

Table3. Model weight of Lower Impact Management

Land Use Weight
Livestock grazing 05
Data Sources.

US Forest Service coverage of current vegetation

County parcel coverages

For dope: DOC Mines and Geology land stability coverage (or SHALSTAB
as an interim proxy)

Sope Sability

Proposition:
The percentage area of the upland watershed with unstable dopesis suitable to
sugtain hedlthy populations of native sdmonids.

Definition
(Need definition from the California Department of Conservation, Divison of
Mines and Geology.)

Explandtion
The natura or background dope stability of awatershed upland has mgjor

implications for the delivery and transport of fluvia sediments. In some casesthe
geology may strongly inhibit the ability of native sdmonids to successfully reproduce in
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the watershed with any regularity. This parameter is designed to indicate when such a
gtuation is present a the planning watershed scade.

Reference values.

(These will be provided by the California Department of Conservetion, Divison
of Minesand Geology. Currently, valuesin agiven hydrologic area are normalized, with
breskpoints empirically defined as: <251 percentile fully suitable; >75™" percentileisfully
unsuitable).

Data Sources:

GIS coverages from the Cdifornia Department of Conservation, Divison of
Mines and Geology

Digitd Elevation Modds (10m pixels)

If DOC/DMG’ s coverages are not yet available, results from the computer mode
SHALSTAB may serve as an interim proxy.
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